Sourdoughs were prepared with Saccharomyces cerevisiae (T0) and indigenously isolated starter cultures i.e Lactobacillus brevis (T1), Lactobacillus fermentum (T2) and Lactobacillus plantarum (T3). Breads were prepared from all sourdoughs samples in triplicate and analyzed for pH, Total Titratable Acidity (TTA), loaf volume, microbial characteristics (total plate count and fungal count) and sensory profile (internal and external). The breads prepared from Saccharomyces cerevisiae (T0) exhibited the highest pH with the lowest TTA while T1 showed the lowest pH with the highest TTA. The T0 breads got the highest values for loaf volume followed by T1. The breads produced with the addition of hetero-fermentative starter cultures (T1 and T2) showed resistance against the growth of the contaminating microorganisms. In the sensory evaluation, the breads produced with T1 ranked the best for color (crust and crumb), taste, aroma, texture and overall acceptability by the panelists.
Introduction
Production of bread is a hydrothermal process. Baking temperature and flour constituents have significant impact on the quality of the end product . The mixture of ground cereals with water forms the dough, which has a sour aroma when left for some time. This is perhaps the first-time discovery of the fermented product (Lorenz & Brummer, 2003) . Sourdough preparation is actually mid stage product between dough and bread preparation, which contains ingredients like water, flour, salt and microorganisms i.e lactic acid bacteria (LAB) and yeast (Rollan et al., 2010) . The modern bakeries use sourdough as a leavening agent due to its advantages like production of flavor and high organoleptic characteristics of the final product (Katina et al., 2006) . Leavening through sourdough is the oldest biotechnological technique in the fermented foods production. Sourdough was actually a small piece of dough, from previous successful fermentation which was incorporated in the final dough with other ingredients i.e flour, water and salt (Stolz, 2003) .
Bacterial proteolysis during sourdough fermentation results in the production of particular sourdough bread aroma as compared to yeast fermented breads (Thiele, Ganzle & Vogel, 2002) . In fermented products, LAB plays an important role in the production of flavor. It develops typical lactic acid taste and produces volatile compounds due to proteolytic and lipolytic activities (Yvon & Rijnen, 2001) . LAB also increases the shelf life of sourdough bread . LAB produces several natural antimicrobials compounds including organic acids (acetic acid, lactic acid, formic acid and caproic acid), hydrogen peroxide, carbon dioxide, diacetyl, ethanol and bacteriocins. The organic acid prevenst mold spoilage and improvse flavor of sourdough bread (Messens & De Vuyst, 2002) . The improvement of microbial shelf life of sourdough bread is due to the antifungal effect of acetic acid instead of lactic acid (Corsetti & Settani, 2007) .
Baked goods are spoiled often by fungal attack, which is also considered as public health concern due to the production of mycotoxins (Gerez et al., 2009) . The fungi, which most commonly cause damage to the bakery products, belong to the genera of Aspergillus, Fusarium, Mucor, Penicillium and Rhizopus (Keshri, Voysey, & Magan, 2002 Saeed et al. 2016 http://ijfaas.com to preserve baked goods free from fungal spoilage among other techniques like chemical additives (such as sorbic, propionic, acetic acid and benzoic acid), irradiation and suitable packaging (Brock & Buckel, 2004) . The sourdough addition with its additive-free image has been reported to be the best method of preservation for bread and other bakery products (Rollan et al., 2010) . Given the benefits of sourdough technology, the present study was conducted to prepare sourdough bread using indigenous starter cultures (Lactobacillus brevis, Lactobacillus fermentum and Lactobacillus plantarum).
Materials and methods

Procurement of raw materials
The starter cultures of pure bacterial strains of the genus Lactobacillus i.e. L. brevis, L. fermentum, and L. plantarum were obtained from Microbiological Laboratory of National Institute of Food Science and Technology, University of Agriculture, Faisalabad. Commercial straight grade flour, baker's yeast (S. cerevisiae) and salt were purchased from the local market of Faisalabad.
Physicochemical analysis of flour
The flour was analyzed for moisture, crude protein, crude fibre, crude fat, ash and NFE according to their respective standard methods described in AACC (2000).
Preparation of starter culture for sourdough
The starter cultures of pure bacterial strains of the genus
and L. plantarum (homofermentative) were used for the preparation of sourdough samples (Table 1) . Actively growing single cultures of lactic acid bacteria were inoculated (inoculum level 1.0% v/v) into Erlenmeyer flasks containing 100 mL of de Man Rogosa Sharpe (MRS) broth and incubated for 24 hr at 30°C. Biomass was collected by centrifugation (5000×g, 15 min, 4°C) and resuspended into 50 mL of sterile saline. This cell suspension that contained 10 8 CFU/mL of lactic acid bacteria was used as starter culture in sourdoughs preparation (Robert et al., 2005) .
Sourdough preparation
A sponge was prepared using flour (200 g) and water (200 mL) and inoculated with each starter culture (to give CFU of 10 8 bacteria per gram of dough). This was mixed thoroughly and incubated for 20 hr at 30°C. The sourdoughs were prepared in triplicates from flour (200 g), water (200 mL) and fermented sponge (70 g) from each starter culture, incubated for 12, 18 and 24 hr at 30°C. Sourdoughs prepared from each starter culture were incorporated at 20 g/100 g (base flour) in corresponding breads dough. Leavening was ensured by addition of a small amount of baker's yeast (0.2 g/100 g). The bread's dough containing S. cerevisiae alone in the same amount were included in the test series as T0 (Robert et al., 2005) .
Preparation of sourdough bread
The bread baking potential was estimated for each sample by the sponge dough method 10-11 as described in AACC (2000) . The ingredients (1000 g of flour, 640 mL tap water, 200 g sourdough prepared as described above, 2 g of baker's yeast and 44 g salt) were mixed homogenously for 5 min in a Hobart A-200 Mixer to form the sourdoughs and allowed to ferment at 30°C and 75% R.H. for 180 minutes. The sourdoughs were molded and panned into 100 g test pans and final proofing was done for 45 minutes at 35°C and 85% R.H. The breads were baked at 232°C for 25 minutes. Breads prepared in triplicate were kept at room temperature for further analysis.
Physicochemical analysis of breads http://ijfaas.com
Breads were analyzed for pH, Total Titratable Acidity (TTA), loaf volume, microbial characteristics (total plate count and fungal count) and sensory profile (internal and external) in triplicate.
pH and TTA
Ten grams 10 g of bread crumb and 100 mL of distilled water were placed in a clean dry container, which was sealed and stirred until the bread dispersed into a semiliquid mixture. The pH was recorded using pH-meter (inoLab pH 720, WTW 82362). The total titratable acidity (TTA) values were determined as the amount of 0.1 N NaOH solution (mL) used to neutralize 10 g sample ).
Loaf volume
The loaf volume, after cooling for 15 min, was measured using the rapeseed displacement method. Each loaf was put in a container and covered with rapeseed to totally fill the container. Then the loaf was removed and the volume of the rapeseed was recorded by following the method as described in AACC (2000).
Microbiological analysis
The bread samples were subjected to microbial analysis for total plate count (TPC) and fungal growth during the storage period according to the method as described by Yousef & Carlstrom (2003) .
Sensory evaluation
Sensory characteristics of the bread samples were assessed by a panel of 10 judges in sensory evaluation laboratory, National Institute of Food Science and Technology, University of Agriculture, Faisalabad. The coded samples were served in clean white plastic plates at room temperature in individual booths with adequate florescent light. Sample presentation to the panelist was at random and one at a time. After the products were tested, the unconsumed product and plate were removed prior to the next product presentation. The panelists were given enough water to rinse their mouth between each sample. The panelists were asked to rate the bread samples for external properties (volume, crust color, symmetry of form, evenness of bake, crust character), internal characteristics (grain, crumb color, taste, aroma, texture) and overall acceptability on Pearson scale. The external and internal characteristics were evaluated over 30 and 70 total points, respectively (Land & Shepherd, 1988) .
Statistical analysis
The samples for each parameter were run in triplicate and the data obtained was subjected to statistical analysis. Completely Randomized Design (CRD) was applied and level of significance was defined as p<0.05. Means were further compared through Duncan's multiple range test (DMRt) following the procedure as described by Montgomery (2008) .
Results and discussion
Commercial wheat flour compositions
The wheat flour was analyzed for moisture content, ash, protein, crude fat, crude fibre, NFE and values were found to be 74.30%, 12.56%, 0.60%, 9.65%, 1.4%, 0.64%, 74.30% respectively ( Table 2) . The results for the analysis of wheat flour are in line with the findings of Sameen, Niaz, & Anjum (2002) who analyzed different wheat varieties and observed 11.82 to 13.91 % moisture content, 10.54 to 13.00 % protein, 0.82 to 0.92 % fat, 0.11 to 0.15 % fiber and 0.36 to 0.48 % ash content.
pH and TTA of sourdough breads
pH varied significantly among the breads prepared from different starter cultures and maximum pH was found in the breads produced from S. cerevisiae (6.10) followed by T3. The pH in breads decreased as a function of fermentation time in all starter cultures and the lowest pH (3.88) was observed in breads prepared from T1 after 24 hours of fermentation time followed by the production of breads from the same culture after 18 hours of fermentation time. The breads prepared from the S. cerevisiae showed the lowest content of TTA (2.20%) as compared to the breads prepared from other LAB starter cultures. The breads prepared from T1 yielded significantly the highest content of TTA (8.90%) followed by T2. There was a significant increase in the total titratable acidity with an increase in fermentation time. The breads from S. cerevisiae exhibited significantly the lowest TTA as shown in Table 3 . The results of the present study are similar to the findings of Paramithiotis et al. (2005) who prepared sourdough bread by using different starter cultures. Drop in the pH and increase in acidity of sourdough bread is due to the production of acids produced by homofermentative and heterofermentative LAB. Production of lactic acid is always higher than acetic acid (Vuyst & Neysens, 2005) .
Loaf volume of sourdough breads
The loaf volume of breads containing S. cerevisiae got significantly the highest loaf volume (514.00) followed by the T1. However, the breads prepared from T3 got significantly the lowest values for loaf volume. The results indicated that the loaf volume of breads increased with the increase in fermentation time (Table 3) . LAB had positive effect on the volume of sourdough bread . The positive effect of sourdough in bread volume is related to better gas holding capacity of gluten in sourdough (Ryan et al., 2011) Saeed et al. 2016 http://ijfaas.com solubilization of pentosans during sourdough fermentation process (Corsetti et al., 2000) , the activities of endogenous enzymes, subsequent low pH (Clarke et al., 2003) , and faster yeast fermentation in the presence of LAB (Corsetti et al., 1995) . The improvement in loaf volume of breads in T1 and T2 might be due to the ability of heterofermentative LAB for production of more CO2 .
Microbiological analysis of sourdough breads
Total plate count (TPC)
The microbiological analysis of breads at different storage intervals showed that the microbial loads increased with the increase of time in all the starter cultures on overall basis. The total plate count was the highest (7.1x10 7 CFU/g) in breads prepared from S. cerevisiae. However, the total plate count was the lowest in breads prepared from T1 (4.1x10 3 CFU/g) followed by the breads prepared from T2 (3.1x10 4 CFU/g) after 120 hours of storage (Table 4 ). The breads produced with the addition of heterofermentative starter cultures (T1 and T2) exhibited resistance against the growth of the contaminating microorganisms. The results are in line with the finding of Rosenquist & Hansen (2000) who observed that during the storage of bread, microbial load increases with the passage of time. The present study suggested that the use of heterofermentative LAB starter cultures (T1 and T2) showed lower TPC indicating resistance against the growth of microorganisms.
Fungal count
The microbiological analysis of breads at different storage intervals showed that the fungal load increased by the increase in storage period in the breads produced with the addition of all starter cultures. The fungal count was the highest (7.9x10 7 CFU/g) in breads prepared from S. cerevisiae. However, the fungal count was the lowest in breads prepared with the addition of T1 followed by breads prepared by the addition of T2 after 120 hours of storage (Table 5 ). The breads produced by the addition of heterofermentative starter cultures (T1 and T2) showed more resistance against the growth of molds than homofermentative starter culture (T3). The antifungal effect may be attributed to the acidification during sourdough fermentation process (Ryan et al., 2011) .
Sensory evaluation of sourdough breads
Starter culture had significant effect on all the internal sensory characteristics (i.e crust colour, volume of bread, crust character) except evenness of bake and symmetry of form. The breads prepared from T1 got significantly the highest scores for crust color followed by the breads produced from T2 (Table 6) , while T2 achieved more scores for evenness of bake and symmetry of form followed by T1 (Table 7) . The results of the present study are comparable to that of Robert et al. (2005) . The study found that the addition of LAB in sourdough has a good effect on the development of crust color in breads. The maximum scores were assigned to the volume of breads prepared from S. cerevisiae followed by the breads prepared from the T1. Improved volume of the sourdough bread depends on the intensity and nature of the acids produced (Clarke et al., 2003) . The sourdough breads prepared from T1 and T2 got the highest score for crust character. Crust character mainly depends on the maillard reaction (Paramithiotis et al., 2005) .
Starter culture had significant effect on all the external sensory characteristics (i.e grain of bread, crumb colour, aroma, texture and taste). T1 got significantly the highest scores for crumb color, aroma, texture and taste (Table 8) . The improvement in aroma of breads prepared from T1 might be due to the ability of LAB to produce flavoring compounds as reported by Onyango et al. (2000) . Crowley et al. (2002) also observed that the breads containing 20% sourdough addition maintained superior textural properties. The breads prepared from control got significantly the highest scores for grain of bread followed by the breads produced from T2. The crumb color and overall acceptability for the breads prepared from T1 was the highest followed by T0 (Table 9) . also reported that the overall sensory characteristics depend on the type of starter culture used for the fermentation of sourdough bread. suggested that the addition of lactic acid bacteria in sourdough had a positive effect on overall bread quality including taste, smell and crumb color of bread.
Conclusions
The breads produced with the LAB starter cultures (L. brevis, L. fermentum and L. plantarum) were found acceptable with respect to physicochemical, microbiological and sensory characteristics as compared to breads produced from baker's yeast (S. cerevisiae). Table 9 . Effect of starter cultures and fermentation time on grain, crumb color and overall acceptability of sourdough breads T0 = Saccharomyces cerevisiae , T1 = Lactobacillus brevis, T2= Lactobacillus fermentum, T3 = Lactobacillus plantarum Among LAB starter cultures (L. brevis, L. ferment and L. plantarum) the breads prepared from T1 (L. brevis) ranked the best for color (crust and crumb), taste, aroma, texture and overall acceptability by the panelists. LAB have very important role to increase microbial quality and shelf life of sourdough bread due to the production of natural antimicrobial compounds including organic acids. The sourdough breads produced from LAB inhibited microbial spoilage, extended shelf life and produced superior quality product with special reference to taste, aroma, flavor and texture as compared to Baker's yeast breads. 
References
